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(54) 5t0ht and ^ent-graift for treating branched vessels 


(57) : An Implantable stent (10;:210j^a 

(410- 510; 71 0): for treating a patient having a relatively :: 

hearthy first aorta portion: 'upstre^:.f rpinh a renal : art eiry: 

branch- and a diseased a^ from; 

the renal artery branch. One ^ . embodiment (210, 510, 

710) of the device includes a fixation section (230; 530; 

730), a fenai artery branch section 

a diseased aorta section (234, 534, 734), all of which 

can betubu^ 

able structures form eid from a plurality of filaments which 
are helically wound in a braided cpnfiguratipn. When the 
device is implanted and in; its expanded 
tion section ; (230, 530, 730) eh gages the first aorta ppr-/ 
tion upstream from a renal ^ artery branch to provide sub^ 
stantial ancHpr in g support; The diseased aorta section ; 
(234, 534^ 734) engages the portion of the aorta downr: 


the diseased portion of the aorta for purposes of treat- 
ment. The renal artery 532, 732) 
extends across the renai artery branch and connects the 
diseased aorta section to the fixation section while al- 
lowing blood flow between the aorta and renal artery 
branch 
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Description. 

BACKGROU ND OF THE INVENTION 
Field of the Invention 


The present invention is a radially self -expanding 
stent arid stent-graft for treating bifurcated arid other 
branched vessels of a ipatierrt, and meth^s for manu- 
facturing and implanting the stent and sterit-graft/ 

Description of the Related Art 

. . Medicaj prostheses frequently referred to as stents 
and stent-grafts are well known and commercially avail- 
ab J* 1 ^ es ® d ® vicesaro used within body vessels of hu^ 
."" mans and other animals tor a variety of medical appli- 
cations. ;Sterits arid steht-grafts are/for example, iiSed 
tqrepairfte., treat) abdominal aortic aneurysms! Aria^^ 
/ dorninal, aortic aneurysm is an enlarged (i.e., dilated) •' 
and weakened diseased area ofthe portion oftho aorta 
between the renal artery branch (i.e;. the location at 
which the renal arteries meet the aorta) and ihe iliac bi- 
furcation (i.e:, the location downstream from the renal 
artery branch at which the aorta branches or divides into 
the iliac arteries). Stenosis, a narrowing and occlusion 
of the aprta typically caused by tissue buildup, also is 
^n Pi; 686 " 13 ^ 6 ^^ aneurysms. Aneurysms and ste- 
nosis at the carotid artery bifurcation (i.e.. the location 

intemal carotid artery aridtHe e^ 
also treated with stents and stent-grafts. 

aortic graft for repairing an abdominal aortic aneurysm 
Briefly, the graft includes an elongated tube having first 
and second ends, and securing means for securing the 
first end of the tube to the aorta The securing means is 
an expandable thin-walled member with a plurality of 
slots parallel to the longitudinal axis of the member the 
thin-walled member is configured for delivery in an un- 
expended and undeformed diameter state with an inflat- 
able; balloon within the member. After being intralumi- 
^^^dto^esite of the aneurysm, the balloon- 
,s , ? flaled to radially extend the thin-wailed member^ 
an expanded and deformed diameters 

of the thin-walled member is thereby secured to the aor- 
ta, Deflati^ pf. the balloon causiBs it to be disengaged 
from the thin-walled member and permits its withdrawal/ 

M^J<^Jreamgan aneurysm which extends : 
abov ? th er enal arteries is shown in Figure 7 oftheParo- - 
di patent. This graft includes a thin-waHer securing 
member which is interconnected to the tube by at least 
one flexible connector member The flexible connector 
member spans the part of the aorta adjacent the renal 
artenes so that blood flow through the renal arteries is 
not obstructed. 

There remains, however, a continuing need for 
stents and stent-grafts for treating branched vessels. 
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Improved stents and stent-grafts for treating abdominal : 
aortic aneurysms and/or stenosis at the carotid artery 
bilurcation would be especially useful. For example 
stents and stent-grafts capable of remaining fixed within' 
s a branched vessel as the diseased area of the vessel 
expands would be desirable. Since accurately position- 
mg a stent and stent-graft in a branched vessel can be" 
... , challenging, a device of this type that can be relatively 
- easily repositioned would also be desirable, in generaf 
,10 stents and stent-grafts having different characteristics' 
enable medical personnel to select a device; mostsuit- 
able for the treatment of the particular indication of the 
■ patient. ■ 

SUMMARY OF f HE INVgNTiriM ■ ; 

the present invention is an irripiantabie medicai de- 
vice for treating a portion of a ^^patieht'sveWei having a 
■- branc h. a first portion upstream Irom the branch, and a 
second portion downstream from the branch Oneem- 
- ■ bodiment of the device includes afirst or upstream sec- 
tion, a second or downstream section and a branch sec- 
: tion. The upstream section has a first porosity and com- .: 
prises a plurality filamerits which are helically wound 
25 and interwoven in a braided configuration to form a tu- 
bular, radially compressible and self-expandable sfruc- 
tp The. upstream section engages the first portion of 
- y, ess .e! "Pstream from the branch when in ana* 
,„ P anded state ' The downstream sectiori has a second" 
> I: P orosit y. and comprises a plurality filaments which are 

helically wound and interwoven in : a braided: cohfigura- ■ 
. ;, tl0n1o forrn a tu bular. radially compressible and self-exi 
pandable structure; the downstream section engagei 
. , trje downstream portion of W 

• tne branch when in an expanded state. The branch sec- " 
tl0n hasa ,nird porosity which is greater than at least 
one of the first and second porosities, and comprises a "' 
radially compressible and expandable structure When 
implanted, the branch: section extends across the 
40 brancn to ^nect the upstream arid downstream : 
tions while allowing blood flow from the first portion of : 
.: the vessel to the branch; The device can be used i' tq-eK-^. 
ficacipusly treat indications such. as. aneurysms 
f ^pfr'nal aorta and stenosis near the carotid artery b 
* s .i- .furcation. ■ 

br| ef bEscRiPtioNOFfHEbRAVwNas :: '''\™r 


^ . , .-, figure 1 is an illustratibn 6f a portion of an aorta in 
50 which'stents and stent-grafts in accordance with the 
Present invention pari be implanted. 

.Figure 2 is an illustratibn of a stent in accordance 
... with a first embodiment of Jhe present Inventjpri. '.' * 
. Figure 3 is a detailed illustration of a ^ 
55 stent shown in Figure 2. showing one of Ihe filaments of 
the renal artery branch section wound around a filament : 
of thp fixation section. 

i Fi 9 u . r ® f ! s an illustration of the stent shown in Fig- 


2 
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ure 2 after implantation in the portion of the aorta shown 
in Figure 1. 

Figure 5 isan illustration of a stent in accordance 
witft.a S ??P9? embodiment of the present invention. 

Figure 6 is an illustration of a stent in ac^rciance s 
with a third embodiment of the present invention; 

Figure ? is an illustration of a stent-graft iri accord, 
ance with a fourth embodiment of the present inventiori: 

Figure 8: is an . illustration of a stent-graft ih acc^rd-^:: 
ance with af^ 10 
.: Figure 9 is an illustration of a stent-graft in aw 
ance with a sixth embodiment of the present invention;; 

: Sgu^ a portion of a carptjcl 

artery in which stents and stent-grafts in accordance 
With; the ^ 'present invention can be implanted. •.' is 

Fi 9V e 11 is an illustration of a stent-graft in accord^ : 
ance with a seventh embodiment of trie present inven- 

: figure 1 2 is an illustration of the. stent-graft shown. 
Iffif i9Mr© : 11 : ^ fter implantation in the portion of t^ 20 
rotid-artery shown in Figure 10y 

; ; : : : : : ^9ure/l 3 is an illustration of a stent-graft in accord- ; 
; ance: with ah eighth emb^iment of the prese 


DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 


25 


Figure 1 is an illustration of a section of a 
abdominal aorta 12 which can be treated by the aortic 30 
stent and stent-graft of the present inventioh/ As sHovi^i 
re ^ 1 arteries and 14Bexte^ 
r^al artery branch :i6. Dowhst ream from (i.e. , on a first 

of ) the repal artery branch 1 6 is the iliac bifurcation 
?P ?! >vW c h the aorta 1 2 divides (i.e. /branches) inio jlja^ ^ 
arteries 1 8A and 1 8B. The stent and stent-graft of the 
present invention can be used to treat a diseased por- 
tion ? 6 ?! the aorta 1 2 which is located between the renal 
art eiy branch? 16 and th e i iiac bifurcation . 20. The dis- ? 
eased portion 26 is represented in Figure 1 byananeu *o 
^y?! 71 ('• » a weakened and expanded-cliameter sed- 

other. disease attributes (i.e., indications) of the aorta 12 
being treated can extend all ^ ■ 
1 4A and 1 4B, and/br beybrid the iliac bifurcation 20 into 4S 

detail belpw^ 

Vention can make use of a portion 24 of th e aorta 12 
which is typically relatively, healthy, and located tip^ 
stream from the renal artery branch 16 (i.e-.onaseeond 5a 
fide ^ the renal artery branch and opposite ^ the Brancft 
^ rorn | he diseased rx>rtion 26). Arrows 22 are included 
in Figure 1 to illustrate the direction of blood flow through 
the aorta 1 2, renal arteries 1 4A and 1 4B arid iliac artef- 
ies 18Aand 18B. ■■■ -.^ ■ 

Aortic stent 10, a first embodiment of the present 
invention, is shown in Figure 2. Stent 10 is a tubular de- 
vice and includes an upstream or fixation section 30, re- 


nal artery branch section 32 and downsiream or dis- 
eased aorta sebtion 34, Frxation Section 30 and dis- 
eased aorta section 34 are formed from two sets of .op- 
ppsitely<iirecte^ parallel, spaced-apart and helically 
wound elongated strands or filaments 36. The sets of 
filaments 36 are interwoven in an over and under braid- 
ed configuration intersecting at points to form ah open , 
mesh or weave construction; Methods for fabricating 
stent structures such : as fixatibn sec^ 30 iarid dis- 
eased aorta section 34 are generally known and dis- 
closed^ in the; Walisten UjS. Patent 
4«6 5 5^ Patent 5,061 ,275. 
In the embodiment of, stent 1 o; shown: in Figure 2, the' 

f'^tion sectioa^^ 

formed from structures which are substantially similar 
with the exception of their length: Other embodiments 
bf the.invention described below include fix^tion arid dis- 
Sased ao^ formed from stent struc- 

tures haying different ch 

ments .- 38 which have their opposite ends 40 connected 
. filaments; ^ of the fixation section 30 and diseased 

aorta section Six filaments ^ (only four are visiW 
. ar< ! Parallel to the longitudinal iaxis and equally 

spaced around th e ; circu mf erehce of the stent i 0 a re 
, shoyvn in Figure 2; perh^s best shown in Figure 3, . 
Jhe opposite ends,^ 
t?^ 

by being wound around the filamen 
and diseased aorta sections. The ends 40 ofthe wound 
filaments: 38 can ex^ with respect 

' ||o ^ohgitudiriaf axis ofthe^teht |0; a^ 
easetf^ forrn a ; bart> whicH cian help 

an ^?r th 0 st Qrit 1 0 to thp aorta 1 2 or other vesse I in 
vyh^ 

shown) the filaments 38 ^ the renal artery branch sec- 
tion 32 can: be attached -to^ 

disea s e d aorta section 34 by other known or methods 
such; as welding. ^ frprh Figure 2,: Ihe poros- 

ity of the renal artery branch section 32 is greater that 
tftat .bfth^^ the diseased adrt 

tion %(i.^, the d^ 

?^^!??^^ ^a sections is greater th^ the ^ 
of the filaments ^ in^ ^ 
. ^teht-1 

^ ^^ tQ 2> ^ Q -> ^ the configuration: it assumes when 
subjected to no e^ 

36 are resilient, permitting the radial compression of the 
Ration ;^tio pf 
stent 10 into a reduced^radius; e^ended-length config- 
oration or state. The renal artery branch section 32 can 

figuratiprVors^ 

^seased aorta section 34, thereby rehdenhg the stent 
10 suitable for delivery to the diseased aorta treatment 
site through a body vessel (i.e:, transluminally): Stent 
1 0 Is ; ejsp self -expandable from the cbrnpressed state, 
and axially flexible. 
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A wide variety of materials can be used for the self- 
expanding stent filaments 36 arid 38. Commonly used 
materials include Elgiloy® and Phynox® spring alloys. 
Elgiloy® alloy is available from Carpenter Technology 
Corporation of Reading Pennsylvania. Phynox® alloy is 
available from Metal Imphy of Imphy, France. Other ma- 
terialsused for self-expanding stent filaments 36 and 38 
are 31 6 stainless .steel arid MP3SN alloy which are avail- 
able frorri Carpenter Technology: arid LiK 
trobe ^teel Company of t^trb 
perelastic Nitinol ailpy vtojch is available from Shape 
: Memory Applications of Santa Clara, California: 
: ..: Convention^ 
ering self-expanding stents can be used to deliver stent 
10 to a diseased aorta 12. Dejivery devices: ofthese 
... types are, for example; disclosed in the Wallsten et al. 
U.S. Patent 4,732,152; Burton :.«tL al.-'US';" Patent 
5,026,377, Heyn et aL U.S. Patent 5,201,757, and 
Braunschweiler et al. U.S. Patent 5,484,444. Briefly, the 
: . deli V er y device? (npt.shown) can include an elongated 

and flexible inner tube haying, proximal and dlstar^ 
-.>'■ :?^^:J9 » s forced into its reduced-radius com- 
press^ state around the ^ 

sind constrained in the compressed state by an outer 
\ tube which sufroun 

from the 

proximal end of the delivery device retracts the outer 
: tube wim respect to the inner tube; thereby allowing the 
stent 10 to self-expand into engagement w^^^ 
wall of the aorta 12; 

: : .=. The assembled delivery device is iriserted percuta^ 
: nebusly into the femoral artery and dir^ted through thS ; 
artery until the distal end Mh;M wnsfeined ^nt 10 
. is positioned at the diseased pbrtioh 26 of the aorta 1 2: 
The deployment mechanism is jh^ 
the st8rit 10 to self-expand into engagement with the 
aorta 12: Figure 4 is an illustration of the stent 10 im- 
planted into the aorta 12 shown in Figure 1. As shown, 
fixation section 30 is located at arid engaged with m 
relatively healthy pbrtioh 24 of the aorta 12 immediately 
opposite ;the: renal arteries 14A and 14B from the iliac 
^^ 20. Renal artery branch section 32 is ^ 
the renaf artery branch 16 and e^endsacross thai 
t'ons^; which trie renal arteries 14A and 14B open into 
the aorta 1 2: The diseased abrta seriion M&th^tent 
10 extends across the diseased portion 26 of the aorta 
1 2, and therefore provides : additional for this 

vessel. In a similar manner, the support provided by dis- 
e^ed abrta section 34 can help maintain a diseased 
?P?9 ir ! ^ P res ? nGe stenosis (not shown in 
Figures 1 and 2) which would otherwise red the 
blood flow capabilities of the vessel: 

In thd embodiment shownin Figure 4, the diseased 
aorta section 34 of stent 10 extendsfrbm a location im- 
mediately down the renal arteries 14A and 

14Bto a location immediately adjacent to the iliac arter- 
ies 18A and 18B. A first end 42 of the diseased aorta 
section 34 adjacent to the renal artery branch section 


32 is expanded radially outwardly into engagement with 
the inner walls of the aorta 12 adjacent to the renal ar- 
teries 14A and 14B. A second end 44 of the diseased 
aorta section 36 is expanded radially outwardly into en- 
5 gagement with the inner walls of the aorta ^ adjacent 
!° ■!!?■?. :'^ i ? ri at ^^.h. the iliac arteries 1 8A and 1 8B 
intersect the aorta. As shown, the diseased portion 2^ 
?!:l^ff12 betweeh the portions at which ehd^ 42 and 
44 ofthe section. 34 engage the aorta (i.e., the arieu- 
io rysm) \s weakened and extends outwardly beyond the 
stent, 1Q;:, Under : this and other similar.. conditions the, 
support provided by the rela^ 

smaN: surface^ 
. with the c ? ls ? ased P° n] °n 26 of the aorta 1 2 may not be 
™ sufficient to securely rnaintain the stent sectioh 34 jn its 
implanted position - 
Fixation section ^ the stent 10, through its en- : 
gagement with the re latiyely . healthy pprtibh 24 bf the 
aorta 1 2 and its interconnection to the diseased aorta 
20 : section 34 by filaments 38, provides substantial anchor- 
ing support for the diseased aorta section/ 
. fMPf 1 ; thereby enhances the positional stability of 
the implanted diseased aorta section ^ 
positional stability is achieved without substantially 
■ : 2S - : stricting blood ; f low b the re^ arteries :i^: and; V4B 
since the materia artery branch Sec- 

tion M (i.e., the density of filaments 38 of stent 10) is 
: ; relatively low; As u document, the term ^ 

rosit y" a,so refers to the density -or spacing of the f ila- : 
30 ments 38 (e.g. • the amount of open space between the 
/";. f^ents with respect^^ : 
. .' '.. by the filaments); Additional ahbhbr^ 

stent 10 is provided by the barbed-type: ends: 40 of fila- 
. merits ^ v^ich engage the interior wall of the aorta 1 2. 

A ^ n ll0 f or implantation in the aorta 1 2! of an av- 
. e -? e size adult patient can be between about 5 cm and 
15 cm in length, and have an expanded state diameter 
between about 2 cm and 5 cm. The fixation section 30 
can be between about 1 ;crri arid 5 cm 
40 ren a' artery branch section 32 can be between about 1 
d ^ arid 5:^m in length. The diseased abrta section 34 
can be between about 4 cm and 15 cm in length/These 
dimensional ranges can of course be larger and smaller : 
':,:: ^ accp^^te the anatomy of larger and smaller pa- 
• '4? : tierits. -v:-;;'";: 't-T ; '^ ' ::: :v-' : .; : ' : j : :: ' V:: ^" : -■■ :V - 

Features and characteristics of the fixation section 
30 cart be varied :;to ^arige the ampunt^ 
support being provided. For example; the amount of an- 
.... fhbrjng support^ with increasing length of ^ 

50 f"«Sfton s ?ction 30 (due to increased surface area erf - 
en 9agemenQ, vyrt^ 

* (f ilus ^ted in Figure 2 ; due to increased radial force ■ ", 
generated b^ 

(e.g., an outwardly flared end) and/or stiffness of fila- 
55 rnents 36 (due to increased radial force of the section).. 
Conversely these and other characteiristics of the fixa^ 
tiori seqtibri gmte^ 

crease the amount of anchoring support provided by the 
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fixation section 30. The force exerted by the fixation sec- 
tion 30 on the aorta, and therefore the amount 6f an- 
choring support being provided, is the summation of the 
radial pressure exerted over the surface area of the sec- 
tion. The amount of anchoring support can therefore be 
varied by changing the radial pressure and surface area 
characteristics of the fixation section 30. 

The amount of anchoring support to be provided by 
the fixation section : 3p, a^^ 
istics of the fixatiph sectjoh to 
be optimized and seiectecTto suit the indications ofthe 
particular diseased aorta 12 in which the sten 
be implanted.. For example, -the relative amount of an- . 
choring support to 'bo provided by the fixation 
will often depend.upon the amount of positional support 
that the diseased aorta section 34 is capable of gener- 
ating in connection with the aorta 12 in WhicS it is -im- 
planted/ln the example shown in Figure 4, for exampleii 
the. diseased aorta sect ion 34 generates at least some 
anchoring support where jts ends 42 and 44 engage the 
aortal 2; Diseased aortas that are relatively more or less 
healthy than that shown at 1^ 
for use with stents l b having a fixation section: 30 which 
provides less or more anchoring support, respectively, 
than the jfixatioh section shown in Figure '4. Trie manner 
by which the fixation section 30 is configured to jDrovide; 
the desired amount of anchoring support can depend 
on the nature (e:g ; relative 
the aorta 1 2 in v^ich the fixation section is to 
ed. For example, if the portion 24 of aorta 12 in which 
the fixationxsection 30 is to be -implanted: is- relatively 
weak, it imay be ad^^ 

tion wh ich generates relative iy low : radfef fprcies, but ; 

which is relatively long 

support, 

Stent 210, a second embodiment of the present in- 
vention, is illustrated in Figure 5. Features of stent 210 
which are similar to those of stent 1 0 shown in Figure 2 
are indicated by like reference numbers, arid have sim- 
ilar characteristics. As shown, the stent 210 includes fix- 
ation section 2^ branch section 
diseased aorta section 234 ;;Sectipns 230; 232 and 234 
are all formed -from self-expanding, braided fiieument 
stent structures of the type descr^ 
can be iriariufactured from a unitary braicJed 
stent structure by cutting and removing selected fila- : 
ments from the pbrtion : d 

artery branch section 232: The density ofthe braided fil- 
aments 23§ ; in th e ^pal artery 232 is 
thereby reduced from the density ^ of the filaments in the 
fixation section 230 and the diseased aorta section 234. 
By way of example, stentssuch ais 210ican be formed 
from thirty-eight ^ (each of 
: which is an individual wire ah^^ 
fifty to seventy-five perc^ filaments " b'jsin^'~cut 
and removed from the original structure to form the renai 
artery branch section 232. Stent 210 can be implanted 
in a manner similar to that of stent 10 and described 


above. 

Stent 310, a third iembpciiment of the present inven- 
tion, is illustrated in Figure 6. Features of stent 310 
which are similar to those of stent 10 shown in Figure 2 
5 are indicated by like reference numbers, and will have . 
similar charactieristics. As shown, the stent 310 includes 
fixation section 330^^ 

diiseasied aorta section 334. Sections 330, 332 arid 334 
. are all formed from fiiameni : 
10 stent struc^ The braid ' 

: angle 6 of the : filamerits 336. (arid thef 

and radial fprce)of the fixation sectiorr 330 is greater 
..than the braid angle 0 ofthe It ilaments in Itharenai artery 
; : branch section 332 and the diseased aorta section 334. 
is: In the emb^i 

ments 336 in the renal artery branch section 332 and 
the diseased aorta section 33tt 
.Stent 3ip;can,'be'"mariy unitary, braided fil- 

: . . amen^ structure, by changing the. braid, angle ... during 
20 manufacture at the location corresponding to the intern- 
section ofthe renal artery branch section 332 and the 
fixation section 330. The braid angle can also be 
changed by changing the braiding rhandrel diameter; 
and by heat treating the stent at a given diameter. Stent 
25 310 can be i^ in a mariner similar to i 

thatofstent IQand de^ "v/;. 

Stent-graft 4.10, a fourth embodiment ofthe present 
invention, is Illustrated in Figure 7.^^M features of 
stent-graft 410- and in particuiarfixatibri sectibri :430 and : 
so renal artery branch section 432i are similar to those of 
. . ; ' ^ \'Steht'.::1.b-:*.describied^ above, : are : indicate : by i i ke * refer?; :■ 
v : : : ence n urribe rs; and will have simi lar; character istics; A :: 
primary difference betweeri stent 1 Q and sterit-gr^ 4 "1 0 .: 
is that the stent-gran includes a tubular-g 
.. ?s incorporated on the diseased aorta section 434 The il- 
lustrated embodiment of stent-graft 410 includes a dis- 
eased aorta section 434formed frbrri a braided fllaimerit : 
stent structure ofthe type described above with refer- 
ence to stent 1 .0, arid a separately f^ : 
40 450 which is attached to the stent structure by adhesive; 
thread or filament st itching or oth^ 
piques. The braided filarnent; stent structure prw 
: the radialfy self-expandable^ 
described abwe; and thereby effects 
: W support sHlru^ 

functions as a blood flow-shunting lumen, thereby sur> 

piementing W of th£ portiprt :^ 

12 in which the diseased aorta section 434 is implanted. 

Tr^ 

so- iapsible^When the fr^ 

its reduced-radius, compressed state, the graft cover 

450 collapses^ enabling the stentrgraft 41 0 to be mounU 
■ ed bn a deployment mechanisrn Jn- 1^ 
: scribed above. The graft cover 450! is : forced; into iand 
ss supported in its tubular, blood flbw^shuritiri by; 

the braided f i lament stent structu re when the stent-graft 

4ipisd^^ 

Graft cover 45b can be any of a variety of structures 
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which have the characteristics described above (e.g., 
are flexible arid iradially collapsible) and which are suf- 
ficiently non-porous to shunt Blood flow. Graft cover 450 
cain, for example, be formed from relatively tightly braid- 
ed filaments of polymers such as polyethylene, poly- 
ethelyne terephalate and polyester. One suitable high 
molecular weight polyethylene brand 
name "Spectra." A suitable PET material is commercial- 
ly available underthe brand ^ 
ly, graft cover 450 can be formed f rom a ^ sheelof material 
which is either itself imjpe wipusip. bloocl fiow, or covered 
with a coating which; renders the material impervious. In 
still other embodiments, graft cbver 450 is .a film. sheet 
or tube of biocompatible material such as ePTFE; 

Other embbdimerits ^ 
by winding or spinning an extruded fiber onto a mandrel. 
Materials and "methods for : ihanuf actu ring ,grisrtf cove 
450 of these types are described in the following US. 
Patents: Wong, 4,475,972; Pinchuk et al,, 4,738,740; 
Pinchuk, 5,229;431;;and [^reume, 5,653;747; : : 

Yet other embodiments of stent-g raft 41 6 (not 
shown) include a diseased aorta section 434 in which 
the graft cover 4501^ 

. which are interbraided with each other aind the filaments 
: 436 of th e stent structu re to -eff ective ly f orm a composite 
stent and graft coyer structure; Structures. of these types 
which pan be Incorporated into stent^graft 410. and as- 
sociated methods of ^ manufacture, are described 
ropean Patent Publication EP 0 804 934, and commonly 
assigned U.S. Application Serial Nos. 08/640,062, filed 

1 April 30, 1996^^ 
08/946; 906; fileid Octbbfere; i 997; £nd 08/988,725; filed 

: :bfeceiTiber:'il:;:"l9 

Stent-graft510; a fifthembckjimeinrofthiB present in-/ 
vent ion, is illustrated in Figure BL F beat ion section 530, 
renal artery branch section 532 and the braided filament 
stent structure of the djseased aorta section 334 are 
similar in structure and characteristics to those of stent 
210 described above, and are indicated by like refer- 
ence numbers. The graft cover 550 of stent-graft 510 
can be isimilar in structure to that of; 

graft coyer 450 of stent graft 41 0 described above; The 
graft cover 550 can be incorporated on the diseased 
aorta section 534 in a manner similar to the manner de- 
scribed above by which graft cover 450 is incorporated: 
on the diseased aorta section 434 of stent-graft 410. 

Stehtrgraft 610, a 
invention, is illustrated in Figure 9; Fixation section 630, 
rehala^ 

stent structure ofthe diseased aorta section 634 are sim- 
ilar jn structure and characteristics to those of stent 310 
described above, and are: indicated by like reference 
numbers, the graft cover 650 of stent-graft 610 can be 
similar: in structure, and characteristics to that of graft , 
[ coyer 45ip of sten^graft 4 V0 described above. The graft 
cover 650 can be incorporated on the diseased aorta 
sectioh;634 in a manner similar to the manner described 
above by which graft cover 450 is incorporated on the 


diseased aorta section 434 of stent-graft 410. 

Steht-grafts i 430; 530 and 630 described above all 
include a tubular diseased aorta section 434, 534 and 
634, respectively. Other embodiments ofthe invention 
5 (not shown) '.include bifurcated diseased aorta sections. 
Sielf-expandihg bifurcated stent-grafts are, for example, 
described in . the Alc^ 

Defeume et a|: U:S; Patent 5;639;278 and the Thomp- 
son .i^a : ."DU:: U!S. Patent Application Serial, Mo.- 
io 60/047,749 entitled "Bifurcated Stent Graft." Bifurcated 
stent-grafts^ of these types can be used for indications ', 
in vyhich the aortrc 
cati6n20 ^ 

into one or both of the iliac arteries 18A and 18B. Still 
other embodiments of-the invention (also not shown) in-- . 
elude an aorto-monoiliac diseased aorta section; Aorto- 
mohbiliaSc ' steriCgrafts of these types are used : in con- , 
nection with femoro-femoral bypass surgical proce- 
dures. 

20 FigurelO is: an illustration of a portion of a carotid ; 
artery 80 which can be treated by the stent and stent- 
graft of the; present inventions As the common 
carotid artery 82 divides iri^ 

84 and the external carotid artery 86 at the branch or 
.25 bifurcation 88. the sterit ahd stent-graft of the present , 
invention are configured 16; treat a diseased portion of 
carotid artery 80 which is located adjacent to the.bif ur- 
■ cation 88: Often, the diseased portion of carotid artery 
80 will include a section of the common carotid artery • 
30 82 immediately upstream from the bifurcation 88 and a 
; portion^ 

: and the external carotid artery 86 immediately down-. . 
stream: f r^ th^: bit u tc atior£ Arrows : 9^ 
Figure 10 to illustrate ; 

35 the common carotid ^ 

the internal and external carotid arteries 84 and 86, re- 
spectively (dovims^ 

Stent-graft 710/ a seventh embodiment ofthe 
. present invention, is illustrated ia Figure 11 . As shown, 

40 stent-graft 710 includes ah upstream section 730, a 
branch section 732 and a downstream section 734.; The ;; 
braided filament stent structures o^ stent-graft sections 
73t), 732 and 734 can be portions of a unitary braided : 
filament stent structure such as thc«e described above, > 

45.-, and are similar fes^ 

manner similar to that of the fixation section 30 of stent 
10 descn^ed: above, the futures a^ 
the braided filament stent structures of upstream section 
7^ anchor dpyi^stream be varied to . 

50 change the amount of anchoring support being provided 
by these sections. 

Graft covers 750 and 751 are incorporated into the 
downstream section 734 and upstream section 730, re- , 
spectiveiy, of thestent^graft;710; The 

.55 tipn graft covet;750 arid upstream section graft coyer 
751 can be similar in structure and characteristics to 
those of graft coyer 450; of stenKgraft 410 described; 
above. These graft covers 750 and 751 have a relatively 
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low porosity (i.e., aremicroporous), so they substantially es. They have the potential to be highly efficacious, es- 

preverit fluid flow after coagulation, but allow the ex- p66ially in severely diseased aortas and c^^ arteries 

change of nutrients. The graft covers 750 and 751 also that may not otherwise be capable of receiving conven- 

can be incorporated on the upstream section 730 and tional stents orstent^graftsL They can be manufactured 

downstream section 754 in a manner similar to the man- 5' so as to have selected ones of a wide range of charac- 

ner described above by which the graft cover 450 is in- teristics, thereby enhancing the range of indications for 

corporated oh the section 4$4 of stent-graft 410;! Since . wKich they can be used, the self-ex^ 

the graft covers 750 and 751 have a relatively low po^ : of the devices provides a that is dynamically 

rb^ilytliepofosity . ■ 1 .cpmplianL.th arid stehV-graft /^.therefore ex-. 

branch section 732 w 10 pand and contract with fluctuations in the diameter of 

the porosity pfthe. downstream section 734 arid up^ . the vessels in which they are'implanted. Stress shielding ; 

stream section 730. of the host tissue 

Stent-^raf t 71 0 can be mpu nted -on- a delive ry de- : ■ • : - degeneration and n ecrpsis cmtliiere&yi-ba reduced with : 
vice in a manner sim ilar tP stent 1 0 described above; ; respect to that caused by balloPn expandab le or other 
Sirriijarlyl th e assembled dey is. ihsertedperc the dynarnic cw 
ously into the femoral; brachial or radial artery and pc^ enables the device to change diameter over time with 
sitioned and deployed - like that of stent 10 described "'. . the vessel. Fbr : example^ if the aneurysmal disease : 
above, Figure 12 is an illustration of the stent^graft 710 ; spreads to the fixation seiption of the vessel, the self- 
implanted into the : port|pn : of the carotid artery 80 shpvyn .... expanding device cane 
In Figure lQ. As shpvyn, upstream sec^ 

at and engaged with: the common carotid artery 82 im- at a fixed diameter and may not continue to engage the 

mediateiy upstream from the branch 88. Branch section more recently diseased vessel portions^ The self-ex- 

732 is located at the branch 88 and extends across the pandihg hatu re of the dev ice also allows it to be recon- 

locatibn at whibh the external carotid artery 86 opens strained and repositioned by a development device. 

■ into the common carotid arte ry 82. i Th e downstream 2S Since ?accurate placement of the device can be chal- 

sectioh 734 ofthe steht-igraft 710 is located at a ; lenging, the ability to reposition t \ 

gaged with thei internal parotid. artery 84 immediately ....... usefulness. , 

downstream f rom the branch 88. S ections 730 and 734 Although the present invention has been described 

of the steht-graft 71 0 function as blc<^ flow-shunting lur. : with reference to preferred embodiments, those skilled 

mens to supplement the functionality of the portions of 30 in the art will recognize that changes can be made in 

the arteries 82 a^ form and detail without 

; implanted. The relatively high porosity branch section : ' invent ibh:: : 
/■ .732, heweve^ 

; the common, carotid artery 82 to flow into the; e 

carotid artery 86. Steht-graft 71 0 thereby effectively .. .35 .. Claims 
functions as a pseudpbifurcated device; 

. Steht-graft 8^ embodiment of the ".. • 1. Ah implantable medical device (10, 210, 61 0, 71 0) 

present invention; is illustrated in Figure 13. Upstream for treating i a section of a patient's vessel having a 

: section 830, brainch section 832 arid dbwnstream sec> ,.V ",' vessel branch, a fe iat ively h^lthy'flrst vessel ppr- : 

tion 834 are similar in structure and characteristics to 40 tioh bh a first side of the vessel branch, and a dis- 

thpse of steht-graft 71 0 described above, and are indi-: ; eased yessel portion, oh a second side of the vessel 

V cated by like reference numbers; Stent-graft 81 Oc^ branch, including: 

implanted in a manner simitar to ; ; 

; : desc ri bed above; A primary difference between stent- a fixation section (30, 230; 630; 730) comprise 

gt^ZiO and SlO Jis mat : ing a piura 

graft 810 includes a graft cover portion 853 with an apr which are helically wound in a braided configu- 

brture ; 855 : 1 n the embc^iment shown, ^raft coyer pb£ >. ratfbrv fofPrifi a tubular, radiaiiy cotp 

tion 853 is a section of a unitary graft cover which also and self-expandable structure; for engaging the 

^ ' ; ; : first vessel pcrt^ 

tion 834 and upstream section 83K); respectively, of the so branch when in an expanded- state 

stent-gnaft 810. Stent-graft 8l6 can be implanted in a substantial^ 

manner similar to that of stent-graft: 710 described medical device; 

y:-V:4i>Byej'| with the aperture: 8^ the intersec- : l \ ■": a diseased section (34, 234, 634, 7M) cbmpris- 

: tion of the common carotid artery 82 arid either the in- ihg : a plurality of filaments (36, : 236, 636; 736) 

tefnal pr external carc^id/a^ery'^^fiSG, respectrvely; .55;. ; ^ 

to function as a pseudobifurcated device. ration to form a tubular, radially compressible 

Stents and stent-grafts in accordance with the and self -expandable st^ 

present invention off era number of important advantag- -portion of the vessel on the second side of the 
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4. 


6. 


vessel branch and extending across and treat- 
ing the diseased vessel portioh; and 
a branch section (32; 232, 632, 732) comprising 
a radially compressible and expandable struc- 
ture, for extending across the vessel branch 
and connecting the diseased section to the fix- 
ation section while allowing Blood flow to the 
vesse I branch: 

The implantable medical device of claim 1 
herein the bran 

of filaments (38) which are generally parallel to one 
another and have opposite ends : 'wrapped around 
the fi laments (36) of the fixation section (30) and the 
diseased section (34). -: 

the implantable medicai device (21 6, 61 6, 71 6) of 
claim 1 wherein; the branch 632, 732) 

includes filaments (236, 636, 736) vyhich are helh 
: cally. wound in a braided: cpnfigu ration to form a tu;? 
bular, radially eompressibie and self -expandable 
structure; 

The implantable medical device (10, 210, 610, 710) 
of iany of claims 1 r3 whereih: a radial pressure of the 
fixation section (30) |s greater than a radial 
of the i branch section (32). 

the impiantabie m device (1 0 r 2 1 0, 616,710) 
of any of claims 1 -4 wherein the radial pressure of 

■ttieifiS 

than a radial press u re of the diseased s ection (34,: 
;234,e34; 7^),; ; i 

The impiantabie medical device (1 0, 210, 610, 7 JO) . 
of any of claims 1-5 wherein a density of the fila- 
ments in the branch section (32 • ^32, 632, 732) is 
less than a density of the filaments in the fixation 
section (30, 230, 630,730): 

The imp^ device (1 0, 21 0, 61 0, 71 0) 

of any of claims 1-6 wherein the 'density : of : --^e-fil^:; 
ments in; the branch section (32, 232, 632, 7$2) is 
less than a density of the filaments in the diseased 
section (^ 234; 6^7§^ 


fit The implantable medical device (610); of ^hy of ; 

claims T-7 and further including a radially ^expand- 
.;;';'; able membra^ least ay 

length ofthe self-expandable structure of the dis^ 

eased section (634). 

> ?- : the implantable medical device (610) bf ; claim 8 : 
wherein the membrane (650) is coextensive: with at 
least 75% of a continuous length: of the;dfe^ 
section (634). 

10. The implantable medical device (610) of any of 


claims 8-9 wherein the membrane (650) is formed 
of braided polymeric filaments. 

11. The implantable medical device (610) of claim 10 
5 wherein the mem is formed of filaments 

interbraided with one another and the filaments 
"(636) brthe^lf-expandab . 

t AfL'. Mj^im^eM^m\ device (10, 210, 710) for / 
io treat ing a port ion of a patient's vessel having a 
branch, a first portion on a first side ofthe branch, : 
: and a second portion on a second side of the 
branch, including::: ".. 

is /;. ; : afjrst se^i 

rosity and comprising a plurality filaments 
which are helicaHy wouhd in a braided configu- 
ration to form a tubular, radially compressible 
andselfrexpandabte 

20 ; first portipn of the vessel on the first side :of the 

branch; 

a second section (34^ 234; 734) haying ai sec; 

v : 6 

merits which are helically wound in a braided 
25.:. ,.' : configuration to form a tubular, radialiy com- 
pressible and self-expandable structure, for en- 
. gaging toe second portion 
second ^ 

a branch section (32 v 2 
30 porosity which is greater than at least one of 

the first and se comprising 
: a radially com pressible and expandable: struc- 

: i;ture; 

^ecting t while al- 

as" lowing^ 

13. The implantable. medical device (210, 710) of claim 
12 wherein the filaments of the branch section (232; 
732) ^ : 

40 to form a tubular, radially compressible ahdself-ex- 
■ pandable structure: . : ■ 

14. The imptantab (IP, 2^ t li^-^ 
any '-.of claims 1243 wherein free state diameters of 

; :;45 the firstse^fori ^30. 230, 73QV:Secphd seciiph (34^ : 
234, 734) and branch section (32; 232, 732) are 
equal to one another. 


so 


55 


15; The implantabl e medical device (710) of ah/ pf 
claims 1 24 4 wherein the second section (734) in- 
cludes a radiaHy-expahdable and relatively iow ^po- 
rosity membrane (7^6) coextensive with at least a 
pprtiph % fength of the self -expandable struck 

■■ . • tUre7 ;V-^C:.r/ : ^::.::v^V-' '.'y.. ■ ■ " 

16. the implantable medical device (710) of claim 15 
vffierein the; second (750) is 

formed of braided fiiaments. 
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17; the implantable medical device (710) of claim 16 
wherein the second section membrane (750) is 
formed of filaments interbraided with one another 
and the filaments of the selNexparidable structure. 

" ' * . 5 - ,'• ' 

18. The implantable medical device (710) of any of 

. claims 12-14 wherein thefirst section (730) includes . : 
a radially-expandable and relatively jow porosity 
membrane (751) coextensive with at least a portion 
of the length of the self-expandable structure; ■■«>• 

19. The implantable medical device (710) of claim 18 

• , wti erein th e first sect ion membrane^ (751) is formed .., * 
" of braided filaments;- ■■■■■■ ■ ■■ ■ ■ 

20. The implantable medical device (710) of claim 19 
A^ereirithe firsts^ . 
6f filaments, braided with one another and the fila- 
ments of the self -expandable structure. 
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